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Abstract: Colloidal quantum dots (QDs) have become an attractive light source for visible 
photonics. Here, we demonstrate the first integrated LED based on CdSe/CdS QDs, with 
the emission directly coupled to a silicon nitride waveguide. © 2020 The Author(s)
OCIS codes: 130.0130, 130.0250, 130.3120, 130.6622
Introduction
Colloidal quantum dots (QDs) offer several advantages compared to traditional III-V materials for visible pho­
tonics, in particular their widely tunable emission wavelength, inexpensive wet-chemical synthesis and straight­
forward hybrid integration can make the difference. With hybrid LED designs, using organic materials for hole 
injection and ZnO nanocrystals for electron injection, internal quantum efficiencies approaching 100% have been 
demonstrated [1]. However, until now it has been challenging to find an appropriate waveguide layer, facilitat­
ing their integration on chip-based platforms. In this work we present the, to the best of our knowledge, first 
waveguide-coupled LED based on colloidal QDs.
Fig. 1. (a) Schematic top-view of the device, the dashed line is indicating the position of the cross- 
section. (b) Simulated mode profile of the fundamental TE mode, (c) Photoluminescence (PL) spec­
trum of the CdSe/CdS QDs in solution and the device emission spectrum, (d) SEM image of a 
focused ion-beam cross-section next to a schematic drawing of the device.
Design
Unlike most high efficiency so-called inverted LED designs [1], we do not use a combination of a transparent 
conductive oxide and ZnO nanocrystals for electron injection. Instead, we employ a 15 mn thin layer of polycrys-
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talline ZnO deposited by atomic layer deposition (ALD), which is contacted with a Ti/Au n-contact electrode next 
to the trench defining the silicon nitride waveguide (see Fig. 1). The ALD ZnO serves a dual purpose of electron 
transport and injection and was optimized for minimal optical loss (-7 dB/cm). For the evaporated organics we 
used a combination of TCTA, NPB, and HAT-CN for band-alignment, hole transport and injection. The total layer 
thickness was increased to reduce the optical loss due the aluminum p-contact to an acceptable value (-3 dB/cm).
Measurements
Figure 1 (c) shows the output spectrum of a device at 5 V bias, for this measurement the sample was cleaved and the 
emission collected with a multimode fiber, in order to eliminate any influence of the grating coupler transmission 
spectrum. There is a clear red-shift of the spectrum, compared to the photoluminescence (PL) emission of the same 
CdSc/CdS QD sample in solution. When increasing the bias voltage, we did not observe a significant shift of the 
electroluminescence (EL) spectrum. Both electrical and optical turn-on voltage were found to be approximately 
2.5 V (see Fig. 2) and using a reverse bias, the device also worked as a detector. The maximum current density of 
0.15 A cm'2 observed for our devices is low compared to values of up to 20 A cm'2 reported in literature [2], We 
believe this is due to pinholes present in the aluminum p-contact, which lead to a degradation of the organic layers 
when performing measurements outside of an inert atmosphere. Therefore, we expect a significantly improved 
device performance after resolving this issue by improving the processing.
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Fig. 2. (a) Waveguide transmission with and without QDs measured using two grating couplers, 
(b) Absorption spectrum of the QD layer extracted from the transmission measurement and from a 
measurement in solution, (c) Electrical and (d) electro-optic characteristics of the device.
Outlook
We anticipate that the demonstrated waveguide-coupled QD LEDs can find an application in chip-based absorption 
spectroscopy, as they can be post-processed on virtually any chip-based waveguide platform, at a low cost. In 
addition, we believe that our approach provides the missing low-loss waveguide layer, necessary for building an 
electrically pumped laser using colloidal QDs.
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